Diabetes has become a modern epidemic. The dramatic worldwide increase in the prevalence of type-2 diabetes is posing a massive health problem in both developed and developing countries.\[[@ref1]\] Interestingly, in developed countries, lower socioeconomic groups are most affected, while in developing countries, the reverse applies.\[[@ref2]\] According to the World Health Organization, at least 151 million people or 2.8% of the population were suffering from diabetes worldwide in 2000.\[[@ref1]\] Its incidence is increasing rapidly and it is estimated that by the year 2030, this number will almost double. With the current rate of increase, it has been projected that 221 million people will be diabetic in 2010 and 324 million by 2025.\[[@ref1]\]

The Asian-Indian phenotype is more prone to diabetes mellitus than the rest of the world.\[[@ref3]\] Although a recent study has shown that China has outstripped India\'s mantle of the diabetic capital of the world,\[[@ref4]\] India with its 38 million diabetics is a close second. This rising trend predicts a significant health burden due to diabetes in India. The prevalence of diabetes is almost twice in the urban areas than in rural areas.\[[@ref5][@ref6]\] According to WHO regional office for south-east Asia the percentage of diabetic residing in urban areas is projected to increase from 54% in 1995 to 73% by the year 2025.The risk of complications are also on a rise, so it is important to intervene at right time to decrease the associated morbidity.\[[@ref7]\]

 {#sec1-1}

Diabetes is underdiagnosed {#sec2-1}
--------------------------

Unfortunately, more than 50% of the diabetic subjects remain unaware of their diabetes status, which adds to the disease burden.\[[@ref7]--[@ref9]\] The average lag between onset and diagnosis of type 2 diabetes mellitus is 7 years.\[[@ref10]\] It is also now established that microvascular and macrovascular complications are sometimes present, even in prediabetics impaired fasting glucose (IFG) or impaired glucose tolerance (IGT).\[[@ref11]\] Early detection of diabetes, in addition to its potential for identifying retinopathy, could also find peripheral neuropathy and microalbuminuria as well as the markedly increased risk of macrovascular disease.\[[@ref11]\] These realities support the need to identify diabetes and its precursors more efficiently and earlier.

Several barriers impede the effort to diagnose diabetes in timely fashion. First, screening for diabetes in asymptomatic people is now recommended only by questionnaires to evaluate risk or by fasting plasma glucose (FPG) or oral glucose tolerance test (OGTT), both of which require the patient to be fasting.\[[@ref11]\]

According to WHO estimation of fasting blood glucose is the highly effective method for diagnosing diabetes mellitus. Measurements of fasting blood glucose levels provide a short-term picture of control. When plasma glucose is consistently elevated, there is an increase in nonenzymatic glycosylation of hemoglobin, and this alteration reflects glycemic history over the past 2-3 months as red blood cells have a lifespan of 120 days. To improve patient\'s compliance with testing, use of glycosylated hemoglobin levels to diagnose diabetes has been suggested.\[[@ref12]\] Finally, its correlation with the subsequent development and progression of the microvascular and neuropathic complications of diabetes was clearly proved in the diabetes control and complications trial (DCCT)\[[@ref13]\] for type I diabetes as well as in the Pima Indian and Japanese\[[@ref14]\] populations for type II diabetes.

There is a need for mass awareness and screening programs to identify and overcome the burden due to diabetes. It is necessary to determine simple and cost-effective methods for identifying undiagnosed diabetic subjects. This study has been conducted with the objective to identify the patterns of glycemic control using glycosylated hemoglobin in diabetic patients. The correlation between levels of plasma glucose and glycosylated hemoglobin in diabetics was also studied and Indian diabetic risk score (IDRS), developed by Madras Diabetes Research foundation, was also calculated.\[[@ref15]\]

Materials and Methods {#sec1-2}
=====================

Study area {#sec2-2}
----------

The present hospital-based cross sectional study was conducted in outpatient clinic of Maharishi Markandeshwar Institute of Medical sciences and Research, Mullana, Ambala India.

Study population {#sec2-3}
----------------

Diabetic patients attending outpatient clinic of various departments of institute constituted the study population A total of 300 patients were selected by simple random sampling method with the following inclusion and exclusion criteria.

### Inclusion criteria {#sec3-1}

Individuals above 25 years of age were included in the study.Patients who were already on drug treatment for diabetes were also taken.Participants who gave informed and written consent and were willing to participate were taken for the study.

### Exclusion criteria {#sec3-2}

Individuals below 25 years of age.Pregnant women were excluded.Participants who did not give informed and written consent or were not willing to participate were not taken for the study.

### Definition {#sec3-3}

Fasting plasma glucose (as per American Diabetes Association)Normal-\<5.6 mmol/l (100 mg/dl)Impaired glucose tolerance: 5.6-6.9 mmol/l (100-125 mg/dl)Diabetes mellitus - ≥7 mmol/l (126 mg/dl)\[[@ref16]\]HbA1c: normal levelNormal - \<6.5\[[@ref17]--[@ref19]\]

Ethical consideration {#sec2-4}
---------------------

Informed consent following ethical guidelines of World Medical Association Declaration of Helsinki was taken. Only such respondents with informed consents were included in the study. Permission from ethical committee and research committee of the institution was taken before submitting the research proposal for approval to Indian Council of Medical Research.

### Strategy {#sec3-4}

Hospital-based study was conducted. Participants were interviewed individually using pretested, predesigned schedule. They were clinically examined to find out other parameters. The level of fasting blood glucose and HbA1c was assessed using a standard technique. Blood glucose was measured by Trinder\'s Method and HbA1c was measured by ion exchange chromatography. A pattern of HbA1c was noted and further correlation between FPG and HbA1C was also calculated. Indian diabetic risk score of the patient were also calculated.

Data analysis {#sec2-5}
-------------

Data was analyzed using SPSS 15.0. To study patterns of glycemic control percentages were calculated. Linear regression analysis and Pearson\'s correlation was used to determine the relationship between HbA~1c~ and FPG. FPG was included as explanatory variables of HbA~1c~ in linear regression analysis.

Results {#sec1-3}
=======

A total of 300 patients who were more than 25 years of age and diagnosed to be suffering from diabetes were included in the study. Out of total cases, 176 were males and 124 were females. Hundred cases were from 51-60 years of age and 72 each from 31-40 and 61-70 age groups. Eighty-four (28%) were housewives, 56 were unemployed, and 52 were farmers \[[Table 1](#T1){ref-type="table"}\].

###### 

Age and sex wise distribution of study subjects
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Overall 30% patients were suffering from diabetes for less than a year whereas 29% had the same health problem for 1-3 years. Twenty percent of the subjects had diabetes for 3-5 years and 21% were suffering from the disease for more than 5 years.

On assessing the level of physical activity of the participants, 39% had sedentary life style, 35% were involved in mild to moderate physical activity whereas 26% were involved in heavy physical activity \[[Table 2](#T2){ref-type="table"}\].

###### 

Physical activity of the participants
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On enquiring about the family history of diabetes in the study subjects, 69% reported having positive family history whereas 31% gave no history of diabetes in their families.

The mean body mass index of the participants came out to be 25.6108 (S D ± 3.5084). The mean waist hip ratio was 0.9883 (S D ± 0.0963), the mean FPG was 146.5876 (S D ± 53.61) and the mean HBA1c came out to be 8.76 (S D ± 1.05) \[[Table 3](#T3){ref-type="table"}\].

###### 

BMI, waist.hip ratio, fasting plasma glucose and HbA1c level of the participants
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Patterns of glycaemic control {#sec2-6}
-----------------------------

Thirteen percent of the study subjects had HbA1c between 6.5-7.5, more than half (57.3%) had this value between 7.5-8.5, 12% and 18% had values between 8.5-9.5 and 9.5-10.5, respectively. Twelve percent of the participants had HbA1c level higher than 10.5.

Fifty-two percent of the population had FPG level between 125-150 mg/dl, 21% had this level between 151-175 mg/dl while 16% of them had normal FPG level. On cross tabulation of FPG and HbA1c it was observed that 36 individuals who have HbA1c in the range of 7.5-8.5 had normal FPG. Eight and four cases were found to have HbA1c in the ranges of 9.5-10.5 and more than 10.5, respectively.

Out of 172 cases whose HbA1c was in the range of 7.5-8.5, 116 had fasting level of glucose between 125-150 mg/dl \[[Table 4](#T4){ref-type="table"}\].

###### 

Patterns of glycemic control among study subjects
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Correlation of FPG level and HbA1c was also studied and correlation coefficient came out to be 311. This correlation was found to be statistically significant (*P* = 0.007).

On linear regression analysis of the HbA1c, taking HbA1c as independent variable and FPG as state variable. It was observed that HbA1c and FPG has linear relation (*P* = .007) \[[Figure 1](#F1){ref-type="fig"}\].

![Fasting plasma glucose *vs* HbA1c: *n* = 300; *r* = .097, the dashed line indicates the regression line](JPBS-3-324-g005){#F1}

Indian diabetic risk score was calculated and it was observed that 65% of the case had IDRS higher than 60 whereas 35% of the diabetic had IDRS lower than 60.

Discussion {#sec1-4}
==========

Type-2 DM, is a chronic degenerative disease of epidemic proportions and one of the major challenges to public health. Chronic course and poor glycemic control in diabetes mellitus lead to secondary complications such as coronary artery disease, neuropathy, nephropathy, retinopathy, hypertension, and diabetic foot as a result of persistent hyperglycemia. The surveillance of glycemic control in diabetes has improved to a great extent after the introduction of measurement of HbA1c level. The significant investigations reflect short-term and long-term glycemic status of the diabetics and are definitely superior to quantization of blood glucose alone. Measurement of glycosylated hemoglobin may be utilized safely as diagnostic tool and can be a great help in therapeutic management of the diabetic patients. A study conducted in Malaysia suggested that an HbA1c value of 6.5% is an adequate and useful supportive marker to diagnose diabetes because of its high specificity. A borderline (5.6-6.4%) or high (\>=6.5%) level of HBA1c was found to strongly predict future drug treatment for diabetes.\[[@ref20]\] The diagnostic importance of HbA1c was also suggested by another author. They found that glycosylated hemoglobin not only acts as an important tool for diagnosis but also as an effective marker indicating the need for acute intervention.\[[@ref21]\]

The relationship between HbA1c and plasma glucose is complex. Many studies have shown that HbA1c is an index of mean plasma glucose over the preceding weeks to months as erythrocyte life span averages 120 days. Therefore, once glycosylation occurs the concentration of HbA1c does not vary day to day and is unaffected by diet, insulin, other hypoglycemic drugs or exercise on the day of investigation contrary to estimation of blood glucose.

By forming a cross tabulation between glycosylated hemoglobin and FPG, the patterns of glycemic control of patients was studied. It was seen that even though there were some patients who had their FPG levels below the levels of diagnostic criteria (125 mg/dl) their HbA1c levels were found to be well above the normal range. This tells us that FPG alone is not a sufficient test to diagnose a patient as diabetic as there is a possibility of giving false results. The explanation to this can be that a patient may alter his activities or diet a night before taking the test, or may get anxious or nervous before the test, which may lead to an abnormal rise in the blood glucose levels. The importance of HbA1c levels lies in the fact that it states a brief history of the patients' glycemic control over the duration of last 2 to 3 months.

By establishing a correlation between HbA1c and FPG levels it was proved that the levels of glycosylated hemoglobin are in accordance to the levels of FPG and hold significance in establishing a diagnosis. As the levels of HbA1c also rise as the FPG rises, this can also be used for predicting an abnormality in the homeostasis of carbohydrate metabolism. But since some studies like the one by DESIR group concluded HbA1c to be a good predictor of diabetes with the risk increasing exponentially in both sexes. However, it was found that there was an HbA1c threshold below which the incidence of diabetes was found to be very low and above which the incidence was found to be considerably higher. However, it was found that HbA1c is less sensitive and specific than FPG for diabetes in the entire population.\[[@ref22]\] The findings of our study are in accordance with the above study.

Studies conducted in the United States of America by Davidson *et al*. have given cutoff for FPG in relation to the glycosylated hemoglobin and have emphasized the importance of glycosylation.\[[@ref23]\] Thus, our findings are consistent with their observations that glycosylated hemoglobin along with FPG is more reliable for diagnosis of diabetes. Another study also showed that HBA1c when used alone in the absence of FPG has a poor sensitivity and specificity.\[[@ref24][@ref25]\]

Calculating the IDRS of the patients based on their demographic and clinical risk factors helps us validate the IDRS and is thus can be efficiently used in determining individuals at risk. An IDRS of more than 60 has been suggested as a significant risk factor for the development of diabetes.\[[@ref15]\] As most of our study population had an IDRS above 60, this proves that majority of the patients who are suffering from type-2 Diabetes Mellitus had these risk factors. Early identification of risk factors can prevent or delay the onset of diabetes and proper intervention by modification of diet or exercise can lead to a better improved lifestyle.\[[@ref15]\] The clinical importance of the present study is that by using glycosylated hemoglobin, FPG and IDRS we can diagnose type-2 diabetes mellitus early and prevent any unwanted complications, plus if FPG is elevated and is not in accordance with the other two, a retest on a different occasion can be done and this can prevent any undue modifications in lifestyle or any mental depression from a misdiagnosis.

Limitations {#sec1-5}
===========

Even though the study was done with accuracy and precision but there are certain limitations that may have influenced the outcomes of the whole study. There is a possibility of bias in the results as HBA1c levels may vary with some intrinsic or extrinsic factors. One of such factor that holds a lot of importance in developing countries is iron deficiency Anemia. Iron deficiency anemia may lead to rises in the levels of HBA1c that are reversible on treatment with iron. Another factor which may alter the levels of HBA1c is a high dose of Aspirin, which can lead to spurious rise in levels of HBA1c due to formation of acetylated hemoglobin. Disorders like renal failure, hemoglobinopathies (like sickle cell anemia, spherocytosis etc) can alter levels of HbA1c and lead to faulty results.\[[@ref17]\] The study population was small and mainly involved rural population.

Since our results were consistent with findings of researchers in different part of the world, this study has added to the evidence that FPG with HBA1c improves diagnostic accuracy. It gives better estimate of diabetic status. One of the other limitations about this study is the lack of the data from controls, since the study was limitedly funded, it was not possible to take the samples of controls and repeat the tests on those samples. The study population included majority of rural population, who are illiterate and are either believers of quacks or are not able to specify their current treatment due to lack of knowledge.

Conclusion {#sec1-6}
==========

The patterns of the glycemic control illustrates that even in cases with FPG level below the diagnostic criteria (125 mg/dl) glycosylated hemoglobin can be in abnormal range. Therefore, even though FPG is considered a gold standard test for diagnosing diabetes, it may give false negative results measurement of glycosylated hemoglobin is an important component for diagnosis of a diabetic patient, so a test for HbA1c should be included in the diagnostic criteria for diabetes along with FPG or OGTT. Measurement of glycosylated hemoglobin levels can also be used in monitoring the efficacy of treatment of an individual and can be used to find any need for a change. It was seen that majority of the subjects had an IDRS above 60; thus, this indicates the significance of IDRS in determining the population at risk for developing diabetes. IDRS can be used as a screening tool for diabetes. Development of diabetes can be prevented or well delayed by identifying risk factors by the individual himself. This can be brought about by educating the mass about importance of IDRS and how to calculate their own IDRS and bring the appropriate changes in their lifestyle.
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